Studies on woloszynskioid dinoflagellates III: on the ultrastructure and phylogeny of Borghiella dodgei gen. et sp. nov., a cold-water species from Lake Tovel, N. Using ultrastructure and nuclear-encoded large subunit (LSU) rDNA sequences, the woloszynskioid dinoflagellates have been shown recently to form a polyphyletic assemblage. The first group comprises the family Tovelliaceae, with the genera Tovellia and Jadwigia. The present manuscript describes the second group, comprising Borghiella dodgei gen. et sp. nov. from the Italian Alps. The new genus differs in a number of ultrastructural features, of which the most important are the structure of the eyespot (type B sensu Moestrup & Daugbjerg) and the structure of the apical part of the cell. The resting cyst is smooth, in contrast to the cysts of other woloszynskioids such as Tovellia and some species of Woloszynskia. The new species has been previously confused with Tovellia sanguinea, which was responsible for colouring the water of Lake Tovel, in the Italian Alps, blood-red up to 1964. However, B. dodgei may form brown, never truly red blooms as in the case of T. sanguinea. The transverse flagellum of Borghiella carries, in addition to thin hairs found also in other dinoflagellates, a row of shorter, thicker hairs resembling the curly hairs on the homologous, anterior flagellum of the perkinsid Parvilucifera but apparently not observed in any other dinoflagellates. Woloszynskia tenuissima, a well-known cold-water dinoflagellate, has been re-examined using material isolated from Greenland. Based on partial LSU rDNA sequencing it is shown to be related to B. dodgei (sequence divergence only 1.1%) and is transferred to this genus as B. tenuissima comb. nov. We agree with the observations of von Stosch that the cysts of this species are spherical and smooth, in contrast to what was mentioned in the original description by Wołoszyń ska.
INTRODUCTION
This is the third paper in a series on woloszynskioid dinoflagellates, a group of dinoflagellates that occurs worldwide in freshwater but only very rarely in the sea (Bolch & Hallegraeff 1990; Kremp et al. 2005) . The known species -c. 20 -are characterized by the cells being covered by many thin, often hexagonal plates, sometimes arranged in latitudinal series. We have over several years collected strains of woloszynskioid dinoflagellates for examination with electron microscopy and molecular methods, and our first studies showed that the genus Woloszynskia R.H. Thompson, to which most woloszynskioids belonged until recently, is polyphyletic (Lindberg et al. 2005; . The type species, Woloszynskia reticulata R.H. Thompson 1951, was for many years known only from a number of lakes and ponds in Kansas, USA, but was subsequently found in Crystal Lake, Norman, Oklahoma (Pfiester et al. 1980) and in the Ukraine (Matvienko & Litvinenko 1977; Krakhmalny et al. 2006) . It differs markedly from all other species of the genus by its heavily armoured hypocone, with plates in four or five series, and by having an unusual type of resting cyst. It is probably more closely related to the genus Lophodinium Lemmermann than to any other species presently included in Woloszynskia, but conclusions must await access to new material. When the genus Woloszynskia was described, Thompson (1951) failed to designate a generitype. This was done by Loeblich & Loeblich (1966) , who selected as generitype the first mentioned of Thompson's Woloszynskia species, W. reticulata. The procedure of selecting the first mentioned species was commonly used by the Loeblichs and this 'automatic' choice of generitype, although practical, was somewhat unfortunate in the case of Woloszynskia. Woloszynskia reticulata differs markedly from the other species of the genus that the genus may end up comprising only this species, all other species having to change generic name.
Another thin-walled genus of dinoflagellates, Glenodinium Ehrenberg, is one of the most difficult and confusing (and confused) genera of dinoflagellates. Having examined Ehrenberg's original material of the type species of Glenodinium, G. cinctum Ehrenberg, we have come to the conclusion that it also belongs to the woloszynskioids, although its identity can probably never be established. This issue and the many described species of Glenodinium will be discussed separately (Calado & Moestrup, personal communication) .
A special morphological feature of many naked and woloszynskioid dinoflagellates is associated with the cell apex. This was illustrated by light microscopists from Chatton & Hovasse (1934) and Biecheler (1934) onwards, using special staining methods, and a special terminology was assigned to the structures observed at the tip of the epicone, 'acrobase', 'carina', 'apical furrow', etc. The cell apex is morphologically diverse, and we have shown that, in combination with a number of other morphological features, it may serve as a generic character (Daugbjerg et al. 2000) , which is supported by conclusions from molecular studies. Thus the genera Gymnodinium Stein, Akashiwo G. Hansen & Moestrup, and Gyrodinium Kofoid & Swezy possess three versions of an apical furrow, while members of the family Kareniaceae possess a fourth and very different type. In the woloszynskioids, however, we described in Tovellia Moestrup, Lindberg & Daugbjerg and Jadwigia Moestrup, Lindberg & Daugbjerg (i.e. the family Tovelliaceae) a fifth type of apical structure (Lindberg et al. 2005) , formed by a row of thin amphiesmal plates ['the apical line of plates' (ALP)], surrounded on each side by a row of somewhat wider plates. There is no furrow (Lindberg et al. 2005; Moestrup et al. 2006) .
The woloszynskioids examined in the present work were found to differ from the Tovelliaceae in the construction of the cell apex, which includes a furrow.
It is not surprising that the genus Woloszynskia is polyphyletic. In studies of ultrastructure from the 1960s and 1970s John Dodge and coworkers found two very different types of eyespots in Woloszynskia coronata (Wołoszyń ska) Moestrup, Lindberg & Daugbjerg and W. tenuissima (Lauterborn) R.H. Thompson, respectively. Additionally, in W. halophila (Biecheler) Elbrä chter & Kremp, a third eyespot type was discovered by Kremp et al. (2005) . Considering that the ultrastructure of the eyespot is one of the most conservative characters in algal ultrastructure, and usually constant at the level of class, it was not unexpected that the three eyespot types found in woloszynskioids have now been found to characterize different evolutionary lineages of dinoflagellates. We have named these Groups I-III (Lindberg et al. 2005) . Group I (Tovelliaceae) was covered by Lindberg et al. (2005) and Moestrup et al. (2006) , while the present paper covers two species from Group III. All species of Group III known to us comprise a separate genus, Borghiella gen. nov.
Ecological characteristics of one of the clones of Borghiella dodgei sp. nov., on which the present study is based, have been examined in detail, and the results will be reported separately (G. Flaim, personal communication) .
MATERIAL AND METHODS

Culture
The material of B. dodgei gen. et sp. nov. originates from Lake Tovel in the Italian Alps. A sediment sample was collected by boat in the main basin on 14 November 2000, transported to Copenhagen, and stored in a dark cold room at the Biological Institute, University of Copenhagen. Attempts to germinate single cysts from the sample failed, but a sonicated sediment sample was left by chance in a covered centrifuge tube in the cold room. When checked several months later, the tube was found to contain large numbers of swimming dinoflagellates corresponding in size and shape to the species considered to be responsible for the reddening of Lake Tovel ('Glenodinium sanguineum Marchesoni'). Several cells were subsequently pipetted into different growth media and all gave rise to the species described here as B. dodgei gen. et sp. nov. The cultures are now maintained in DY-IV growth medium (Andersen et al. 1997 ) at 4uC in a 16 : 8 h L : D cycle. Borghiella dodgei was illustrated by Dodge et al. (1987) as G. sanguineum and by Flaim et al. (2004) as G. sanguineum sensu Dodge et al. (1987) . Characteristics of Lake Tovel are given by Moestrup et al. (2006) .
The material of W. tenuissima was isolated by G. Hansen from a water sample collected by Henrik Levinsen in Lake Helen near Kangerlussuaq (Søndre Strømfjord), Greenland in early March 2001. Lake Helen is shallow, c. 5 m deep, and it was at the time covered by 10-20 cm snow, separating the lake water from air temperatures of 220 to 235uC. The light intensity just below the ice was 10-15 mmol m 22 s
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. The same species was seen in Lake Fergusson, a deeper lake in the same area. Cells are maintained in DY-IV medium at 4uC and a 16 : 8 h L : D cycle.
Light microscopy and micrographs of cultures
Photographs were taken on Leitz Diaplan or Zeiss Axioskop microscopes using Leica DFC300FX or Zeiss Axiocam HRc digital cameras. The colour of an exponentially growing culture (equivalent to bloom conditions in nature) was compared to that of an old culture (. 6 months) by digital images taken with an Olympus Camedia C-5050 (Olympus, Japan). Both cultures were grown in Nunclon flasks under the same light conditions and L : D regime.
Electron microscopy
For scanning electron microscopy (SEM), an enrichment culture was fixed for 20 min in 2% osmium tetroxide. Cells were then concentrated onto a 13 mm Nucleopore filter (5 mm pore size) using a Swinnex filter holder. Filters were washed for about 1 h in distilled water, dehydrated in an ethanol series, and critical-point dried via liquid CO 2 in a BAL-TEC CPD 030 critical point drying apparatus. The filters were subsequently glued to SEM stubs by doubleadhesive carbon-discs, sputter coated with gold, and examined in a JEOL 6335F field emission scanning electron microscope at University of Copenhagen. The stubs have been deposited at the Botanical Museum, University of Copenhagen (C) under the accession nos CAT 2390 (B. dodgei) and CAT 2391 (B. tenuissima).
For transmission electron microscopy (TEM), fresh medium was added to a culture to stimulate growth, and the culture was fixed 2 days later. A sample of cells was mixed with a similar volume of cold 6% glutaraldehyde in 0.1 M phosphate buffer at pH 7.2 and fixed for 2 h. Subsequent steps were done at 4uC. The cells were rinsed for 1.5 h in the buffer (three changes), and post-osmicated in a 2% solution of osmium tetroxide in 0.05 M phosphate for 2 h. They were rinsed briefly in buffer and dehydrated in an ethanol series, 20 min in each change of 30, 50, 70, 96, and absolute ethanol (two changes). While in 70% ethanol, the material was heated to room temperature, and the following steps were performed at room temperature. Dehydration was completed in two changes of propylene oxide (5 min in each change) and the cells were then left in a hood overnight in a 1 : 1 mixture of propylene oxide and Spurr's resin mixture, for evaporation of the propylene oxide. Embedding was in Spurr's resin, 2 h in the first change, and overnight in the final change in a 70uC oven. This procedure resulted in one of the best fixations of dinoflagellates we have obtained.
The thin sections were examined and photographed in JEM 100CX or JEM-1010 transmission electron microscopes at University of Copenhagen.
DNA extraction, polymerase chain reaction (PCR) amplification, and LSU rDNA sequencing A 10-ml aliquot of culture was harvested by centrifugation for 10 min at 1200 3 g. The pellet of cells was kept frozen at 218uC for 1 week before DNA extraction. Total genomic DNA was extracted using the hexadecyltrimethyl-ammonium bromide (CTAB) method as outlined by Daugbjerg et al. (1994) . PCR amplification of partial LSU rDNA (approx. 1500 base pairs) was performed in a 50-ml solution containing 5 ml 103 Taq buffer [67 mM Tris-HCl, ph 8.5, 2 mM MgCl 2 , 16.6 mM (NH 4 ) 2 SO 4 and 10 mM b-mercaptoethanol], 20 ml 0.5 mM dNTP mix, 5 ml 10 mM of each primer, 5 ml 100 mM tetramethylammonium chloride, and 1 U Taq polymerase (Ampliqon, Denmark). Amplification primers were D1R-F (Scholin et al. 1994 ) and 28-1483 (Daugbjerg et al. 2000 and the PCR temperature profile conditions included one initial cycle of denaturation at 94uC for 3 min. This step was followed by 35 cycles, each consisting of denaturation at 94uC for 1 min, annealing at 52uC for 1 min, and extension at 72uC for 3 min. To ensure that most of the PCR fragments (. 2 35 copies) had obtained the full length (c. 1500 base pairs) the temperature profile was ended with a final extension step at 72uC for 6 min. The DNA fragments were loaded on a 2% NuSieve gel with ethidium bromide and checked under ultraviolet illumination. To ensure that the amplified DNA fragments had the expected length we used the molecular marker øX174 HaeIII (ABgene, USA) for comparison. The QIAquick PCR purification kit (QIA-GEN, USA) was used to purify the PCR products and 30 ng was used in a 20-ml sequencing reaction. The nucleotide sequences were determined using the dye terminator cycle sequencing ready reaction kit (Perkin Elmer, USA) as suggested by the manufacturer. Sequencing reactions were loaded on an ABI PRISM 377 DNA sequencer (Perkin Elmer) and partial LSU rDNA was determined in both directions using the two amplification primers, in addition to the internal primers D3A and D3B (Nunn et al. 1996) and D2C (Scholin et al. 1994) .
Alignment and phylogenetic analyses
To examine the molecular phylogeny of B. dodgei, the nuclear-encoded partial LSU rDNA gene was aligned with 42 other LSU rDNA sequences from dinoflagellates available in GenBank. The ciliates Tetrahymena pyriformis and T. thermophila formed the outgroup. The alignment also incorporated information from the secondary structure as suggested by de Rijk et al. (2000) and was further edited manually using MacClade ver. 4.08 (Maddison & Maddison 2003) . Due to ambiguous alignment of the hypervariable domain D2 (sensu Lenaers et al. 1989) , this domain was excluded, thus leaving a data matrix with 1068 base pairs for phylogeny reconstruction. This matrix was analysed with Maximum Parsimony (MP) and Neighborjoining (NJ) methods using PAUP* ver. 4.0b10 (Swofford 2003) and Bayesian analysis (BA) using MrBayes ver. 3.1.2 (Ronquist & Huelsenbeck 2003) . In MP analyses, 1000 random additions were performed in heuristic searches and a branch-swapping algorithm (tree-bisection-reconnection). Characters were unordered and equally weighted and gaps were treated as missing data. MP bootstrap analyses included 1000 replications. Modeltest ver. 3.7 (Posada & Crandall 1998) was used to reveal the best model for the LSU rDNA gene sequences by hierarchical likelihood ratio tests. The best model was TrN+I+G (Tamura & Nei 1993) with among sites rate heterogeneity (a 5 0.642), an estimated proportion of invariable sites (I 5 0.3006) and two substitution-rate categories (A-G 5 2.9328 and C-T 5 6.6403). Base frequencies were set as follows A 5 0.2903, C 5 0.1744, G 5 0.2656, and T 5 0.2697). This model was applied to compute dissimilarity values, and we used the resulting distance matrix to build a tree with the NJ method. NJ bootstrapping invoked 1000 replications. BA was performed using a General Time Reversible (GTR) substitution model with base frequencies and substitution rate matrix estimated from the data. A total of 2 million Markov Chain Monte Carlo (MCMC) generations with four parallel chains (one cold and three heated) was performed. A tree was sampled every 50 generations. We used AWTY by Wilgenbusch et al. (2004) to assess whether the MCMC analysis had run long enough by using the compare command that plots posterior probabilities of all splits for paired MCMC runs. By plotting the log likelihood values as a function of generations in a spreadsheet, the ln L values converged at approximately 211,860 after 8000 generations. We used this number of generations as the burn-in, resulting in 19,921 trees, which were imported into PAUP*, and a 50% majority rule consensus tree was constructed.
RESULTS
Borghiella gen. nov.
Borghiella ad Dinophyta pertinens. Cellulae periplasto e multis vesiculis tenuibus saepe hexagonis constato inclusae. Par angustum vesicularum amphiesmatis elongatarum parallelarum trans apicem cellulae e latere sinistro/dorsali ad dextrum/ventrale extensum, utrinque serie vesicularum 4-vel 5-angularium arcte concomitatum. Chloroplasti aureo-virides. Stigma intra chloroplastum, vesiculis materiam latteratam continentibus extus tectum. Cystae quiescentes laeves, sphaericae vel ovoideae. Cellulae per fissionem dividentes dum movent.
Dinoflagellates surrounded by periplast of many, thin, often hexagonal vesicles. A narrow pair of elongate, parallel amphiesmal vesicles extends over the cell apex from the left/ dorsal to the right/ventral side, lined on each side by a row of four-or five-sided vesicles. With golden-green chloroplasts. Eyespot intraplastidial, with external covering of vesicles containing brick-like material. Resting cysts smooth, spherical or ovoid. Cell division by fission in the motile stage.
ETYMOLOGY: We name this genus in honour of Dr Basilio Borghi, formerly of San Michele, Alto Adige, initiator and promoter of the SALTO Project, during which project our knowledge of Lake Tovel increased very significantly, and during the course of which the present species was established in culture.
Borghiella dodgei sp. nov.
Cellulae circa 20 mm longae (variatione 12-22 mm), 14-15 mm latae. Epiconus hypoconum plerumque aequans, epicono typice parum conico, hypocono rotundato. Binatae elongatae vesiculae amphiesmatis anticae circa 5-7 mm longae, utrinque serie 3-4 vesicularum. Cingulum descendens, discrimine latitudinem cinguli circum aequanti. Epiconus parum, hypoconus fortius compressus dorsiventraliter. Sulcus in aream grandem concavam postice dilatatus. Chloroplasti in reticulo peripherali dispositi. Nucleus centralis, pro parte maxima intra epiconum locatus. Pusulae 1 vel 2 in parte cingulari. Stigma parvulum prope extremum anticum sulco.
Cells approximately 20 mm long (size range 12-22 mm) and 14-15 mm wide. Epi-and hypocone usually equally sized; the epicone typically slightly cone-shaped, the hypocone rounded. The paired elongate anterior amphiesma vesicles c. 5-7 mm long, lined on each side by 3-4 vesicles. Cingulum descending, displaced approximately one cingulum width. The epicone slightly flattened dorso-ventrally, hypocone more strongly so. The sulcus widens posteriorly into a large concave area. With peripheral network of chloroplasts. Nucleus central, most of it located in the epicone. One to two pusules in the girdle region and a very small eyespot near the anterior end of the sulcus. Figs 1-4. Light microscopy, illustrating the general shape of the live cell (1, 2). A characteristic feature is the usually conical epicone, and the almost equally sized epi-and hypocone. Fig. 1 is a motile cell; Fig. 2 is a cell that has shed the flagella (n 5 nucleus), and the sulcus has become indistinct, the cell resembling a temporary cyst. Fig. 3 is a Lugol-fixed cell in which the amphiesmal plates are just visible (arrow, Nomarski interference contrast). Fig. 4 is a cell in lateral view, to show the obliquely flattened hypocone (Lugol-fixed cell). Fig. 5 . Fluorescence micrograph illustrating the lateral chloroplasts and, in the cell on the top, left, the cingulum and the slightly oblique sulcus. Fig. 6 . Dense cultures of Borghiella dodgei, on the left illustrating the reddish-brown colour that characterizes blooms of this species. The Nunclon flask on the right contains a very old culture (more than 6 months), which at this stage has attained a greenish colour.
Remarks
LIGHT MICROSCOPY: Cells (Figs 1-5) are very fragile and swim rapidly and continuously. The most characteristic feature is the almost equal size of the epi-and the hypocone, in addition to the often somewhat conical epicone (Fig. 1) . The slight dorso-ventral flattening of the concave ventral side of the hypone is visible in the Lugolfixed cell (Fig. 4, compare with Figs 7, 8 and 10, 11) . The amphiesmal vesicles are just visible using high-resolution Nomarski microscopy of Lugol-fixed cells (Fig. 3) . In dense cultures many cells stop swimming and the cultures attain a reddish-brown colour (Fig. 6, left) . Settled cells appear to lose the sulcus, the cingulum becomes less pronounced ( Fig. 2) and the flagella disappear. The cytoplasm often retracts slightly from the periplast, and this stage may perhaps be considered a temporary cyst stage. Chloroplasts are located in the cell periphery. They are difficult to distinguish in bright field microscopy but readily visible in fluorescence microscopy ( (Fig. 8 ) and the cingulum. Two horizontal rows of amphiesmal vesicles are present in the cingulum, one row covering the 'ceiling', the other row the innermost part of the cingulum and most of the cingulum 'floor'. Amphiesmal vesicles of the first postcingular row extend over the cingulum rim and onto the cingulum floor (Fig. 7) . The anterior rim of the cingulum is very sharp and well defined (Figs 7, 8, 10) while the posterior rim is rounded (Figs 7, 8, 11) . Apart from the amphiesmal vesicles, the most conspicuous feature of the anterior end is the apical structure (Fig. 9 ). It comprises a furrow and a row of knobs, the latter located along the furrow towards the cell's left side (viewer's right) (compare with Figs 24-26). The two ends of the cingulum are displaced approximately one cingulum width (Fig. 7) . The species-characteristic flattening of the hypocone is visible in several of the figures (Figs 8, 10, 11) . The left ventral side of the hypocone has a low hump near the cingulum, while the right ventral side is only slightly convex (Figs 8, 11).
Transmission electron microscopy: general structure
The cell is illustrated in longitudinal sections in Figs 12 and 13, Fig. 12 approximately through the cell centre, while Fig. 13 is a grazing section through the ventral side. The peripheral part of the cell contains numerous chloroplasts, some of them apparently forming a loose network (e.g. Fig. 12 , bottom, right). The large nucleus extends into both the epi-and the hypocone (Fig. 9) . The dorso-ventral flattening of the hypocone is visible in a transverse section (Fig. 14) . The cingulum is displaced approx. one cingulum width ( Fig. 13) . At its circumference, this cell is lined by c. 25 amphiesmal vesicles (Fig. 14) . In the longitudinal section of the cell (Fig. 12 ) the epicone is lined by 15 and the hypocone by 13 vesicles. The cell is therefore lined by a total of c. 16 rows of amphiesmal vesicles, including the two rows of the cingulum. The left side of the sulcus in Fig. 13 (viewer's right) is lined by six vesicles.
Eyespot, amphiesma, and pusule system
The eyespot comprises a single row of very small lipid globules, located within the chloroplast (Figs 15, 16) , which is concave in this region. The concavity is lined by a series of vacuoles, each containing brick-like structures that are more or less quadrangular in transverse section. The whole complex is located in the sulcus and is lined by numerous longitudinally arranged microtubules. Part of this microtubular skeleton is formed by the r 1 flagellar root (sensu Moestrup 2000), which extends along the sulcus, just beneath the inner membrane of the amphiesma vesicles.
The amphiesmal vesicles contain two components, an outer, less opaque component and an inner more opaque, sinuous structure (Figs 15, 25) . The pusule system lacks the electron-opaque structures seen in other woloszynskioids such as Tovellia and Jadwigia. The pusule canal opens into the canal of the transverse flagellum (Fig. 46 ).
Flagellar appendages
The transverse flagellum possesses, in addition to the long thin hairs known from many other dinoflagellates (Fig. 27 ), a unilateral row of conspicuous, rather short hairs (Figs 17-19) which appear to be composed of a short (c. 0.06 mm long), tapering proximal part (Fig. 16, arrows) , and a longer (at least 0.19 mm long), thick distal part (arrowheads) which often appear to be curly. The wing of the transverse flagellum is supported by a relatively thin rod (Figs 17, 18) , while the longitudinal flagellum contains what in other dinoflagellates has been called 'packing material' (e.g. Dodge 1971) (Fig. 40 ).
Anterior furrow system
The general structure was apparent from SEM ( Fig. 9 ), but details remained elusive until the cell apex was examined in thin sections. Although superficially similar to the ALP of other woloszynskioids such as Tovellia and Jadwigia (Lindberg et al. 2005) , the apical system in Borghiella is constructed differently. It comprises a furrow and a zip-like row of knobs , which the thin sections showed to be comprised of two elongate amphiesmal vesicles, a furrow and a knob vesicle. These are subtended by approximately five microtubules. Figure 25 shows the furrow vesicle associated with two microtubules, separated by an opaque fibre, while the 'zip' or knob vesicle is subtended by three microtubules. At least two opaque plates subtend the microtubules (Fig. 25) . The cell's cytoplasm projects slightly into the base of the knob vesicle , and this apparently produces the row of knobs seen in SEM (Fig. 9 ) (the cell lacks trichocysts). In Fig. 9 the knobs are confined to one longitudinal side of the apical complex (towards the cell's left), lined by an empty-looking part towards the cell's right. The first part corresponds to the knob vesicle in Figs 24-26 ('k' in the figures), the second to the furrow vesicle ('af'). Both the knob vesicle and the furrow vesicle are single structures . We are naming this system the pair of elongate amphiesmal vesicles (PEV).
Ventral ridge area
The ventral ridge (Figs 27-32) is a structure of unknown function found in many thin-walled or unarmoured r
Figs 12-14. Borghiella dodgei gen. et sp. nov., general structure, TEM. Fig. 12 . Longitudinal section through the cell, illustrating the peripheral network of chloroplasts and the centrally located nucleus. The pusule system may perhaps also be distinguished (pus). C: cingulum. Fig. 13 . Grazing, longitudinal section through the ventral side of the cell, showing sulcus (s) and the displaced ends of the cingulum (c). dinoflagellates. It occupies the elongate area on the epicone between the two flagellar canals (cf. SEM in Fig. 4 ). This part of the cell is filled with empty-looking spaces indented by membranes. The ventral ridge is subtended by an internal opaque fibre (Figs 29, 30) . Next to the collar of the longitudinal flagellum is an indentation in the ventral ridge ('ap' in the figures) which, at higher magnification, proves to form an opening into a narrow canal (Figs 33, 34) . This canal extends into the ventral ridge, lined by two to three microtubules ( Fig. 39 and probably also Fig. 33 ) and is connected by thin fibres not only to the large flagellar root r 1 (vrf in Fig. 35 ) but also to the cingulum next to the collar of the transverse flagellum (Figs 34, 35) . The indentation continues as a slit in the base of the ventral ridge, close to the bottom of the sulcus (Figs 36-38 ).
Flagellar apparatus, internal parts
The two flagella insert at an angle of c. 130u to each other (e.g. Figs 40, 46, 56) . They are associated with the usual three microtubular roots of dinoflagellates, named r 1 , r 3 , and r 4 . Root r 1 is large, extends along the sulcus in a posterior direction, and its microtubules carry short opaque arms, some extending towards the inner amphiesmal membrane of the sulcus (Fig. 44) , others in the opposite direction and attaching to extensive opaque material on the dorsal side of the root (Figs 37, (40) (41) (42) (43) . One end of r 1 associates with the longitudinal flagellum basal body as in other dinoflagellates (e.g. Fig. 54 ) and it appears to play a central role in the cell, attaching by fibres to the transverse flagellum basal body (r 1 /tbc), to root r 4 (src), and to the ventral ridge fibre (vrf). All three connections are visible in Fig. 36 . The presence of a r 2 root has not been shown conclusively although we have seen profiles that indicate the presence of this root. Its position, however, is occupied by a transversely striated fibre, which was seen on several occasions (Figs 45, 46) . Roots r 3 and r 4 extend from the transverse flagellum base to the transverse flagellum canal (Fig. 46 and in particular Fig. 54 ). Root r 3 appears to comprise only a single microtubule, which nucleates a row of microtubules at right angles (Fig. 54) . The latter increase in number, from 7 ( Fig. 54) to 28 (Fig. 53) , while extending into the epicone (see also Fig. 56 ). Root r 4 is a short compound root (c. 1.5 mm in length) consisting of a striated fibre associated with a single microtubule (Fig. 51) . Serial sections have shown that it terminates on the side of the transverse flagellum canal opposite the insertion of the basal bodies (Fig. 54 , termination just outside Fig. 52 ). Root r 1 and r 4 are connected by a very distinct striated fibre (src) (visible in several figures, best in Figs 43 and 54). The src next to r 1 is composed of short, parallel fibres, resembling the fibres of the so-called multilayered structure (MLS) in other groups of algae . Other connecting fibres observed include two weakly developed fibres from the ventral side of r 1 to the longitudinal flagellum basal body (c1lb/r 1 in Fig. 42 ) and a banded fibre which extends from the innermost microtubules of r 1 to the transverse flagellum basal body (r 1 /tbc in Fig. 55 ).
Both basal bodies are surrounded by a 'spoke-and-hub' structure sensu Roberts et al. (1995) , i.e. each triplet gives rise to a minute fibre terminating in a small knob (the spoke), and these fibres in turn are interconnected by a peripheral fibre (the hub) (Figs 38, inset, 56 ).
Flagellar replication
Flagellar replication was taking place in several of the series of sections studied . The new basal body (centriole, labelled tb9) in these series is located 
Endosymbiotic bacteria
The cells were found to harbour numerous bacteria in vacuoles (Figs 32, 46) . Even when bacteria were present in large numbers, the condition of the host cell was good, indicating that the two organisms form a stable symbiosis. The presence of bacteria was reconfirmed in 2007, after 6 years of continuous culture.
Phylogeny of Borghiella dodgei
To examine the phylogeny of B. dodgei a diverse assemblage of dinoflagellates were included in analyses based on partial LSU rDNA sequences. In all analyses using Maximum Parsimony, Neighbor-joining, or Bayesian analyses, B. dodgei came out as a sister taxon to W. tenuissima (as B. tenuissima in Fig. 57 , see Discussion for the transfer of W. tenuissima to Borghiella). The sister group relationship between the two Borghiella species and the recently described Baldinia anauniensis G. Hansen & Daugbjerg (Hansen et al. 2007) as revealed in the single most parsimonious tree (Fig. 57) Fig. 58 and in dorsal view in Fig. 59 . The cingulum divides the cell into two, almost equal parts. The most notable feature seen at low magnification is the incomplete path of the cingulum, which terminates on the ventral side before reaching the sulcus (Fig 58) . The numerous plates of the periplast are barely distinguished at this low magnification, and at higher magnification (Figs 60, 62) a short apical furrow apparatus was observed, which has not been seen in this species before. The apical furrow comprises what is almost certainly a PEV, one with a row of projections. The cell in Fig. 61 has been tilted, and Fig. 62 shows the anterior part of the cell at higher magnification, including the row of projections of the PEV (arrow). In a dorsal view of the cell (Fig. 59 ), higher magnification also shows the very short PEV (Fig. 60, arrow) . Wołoszyń ska (1917) drew two rows of plates in the cingulum and this is confirmed by SEM: the upper row forms the ceiling of the cingulum cavity (Fig. 63) while the second row forms the floor and inside 'wall'. While the cingulum is very sharply delineated from the Fig. 27 shows the ventral ridge area (vr), the cingulum (c), the sulcus (s), and the narrow canal between the sulcus and the cingulum. The subsequent sections are deeper into the cell, the narrow connection terminates in Fig. 29 and 30 . The left side of the sulcus contains the microtubules of flagellar root r 1 (labelled in Fig. 30 ). The whole region of the ventral ridge and below is highly vacuolated (Figs 27-31 ). In Figs 30-32 the collar surrounding the transverse flagellar canal is visible (tsc), while the collar surrounding the longitudinal flagellar canal is present in Fig. 32 (lsc) . The two collars are interconnected by opaque material (Figs 29, 30 ), constituting the ventral ridge fibre (vrf). Ba, endosymbiotic bacterium in a vesicle; lf, longitidunal flagellum; tf, transverse flagellum; tc, transverse flagellum canal.
epicone, the floor extends more smoothly into the hypocone (Fig. 59, 63 ). This is particularly noticeable at the distal end of the cingulum (Fig. 58) where the anterior rim of the cingulum stops abruptly while the posterior rim gradually disappears, merging into the hypocone. The distal end of the cingulum is separated from the proximal end by four to five amphiesmal plates (four in our material, the plate next to the proximal end/sulcus probably curving into the sulcus), five plates were drawn by Wołoszyń ska (1917) (Fig. 64) .
DISCUSSION
Identity of the isolate from Lake Tovel
Borghiella dodgei was first illustrated from material in a surface water sample taken during ''a slight red bloom'' in Lake Tovel in 1983 (Dodge et al. 1987 (1987) , which show the two plate-like components present within the amphiesmal vesicles, an outer thinner and an inner thicker component, (2) figs 6, 7, illustrating the structure of the eyespot, and (3) fig. 12 , illustrating the structure of the pusule system. The structures illustrated in the figures all agree with B. dodgei. The cell dimensions were given as c. 19 mm long and c. 13 mm wide (12-22 mm and 14-15 mm in our material), a ''slightly tapered epitheca and almost hemispheric hypotheca''. ''Ecdysed, pelliculate cells'', surrounded by a thick wall, were also present in our material. The material illustrated by Dodge et al. (1987) agrees in all respects with B. dodgei. In addition, Dodge et al. in ''a very small number of cells'' found a eukaryotic endosymbiont. This was not present in our material which rather harboured large numbers of (apparently endosymbiotic) bacteria. One of the most characteristic features of B. dodgei, both at the light and scanning electron microscope levels, is the very pronounced concave ventral part of the hypocone. However, the cells often lose the flagella and stop swimming, especially in older cultures. In such cells the sulcus and the cavity of the hypocone seem to disappear, and the cingulum is seen as a more or less median, slight constriction of the cell. Cells in this stage may be considered immature temporary cysts, and they may subsequently develop into the temporary cyst stage illustrated by Flaim et al. (2004, fig. 24 ), in which the cingulum is barely visible.
We have taken the opportunity to illustrate a dense culture of B. dodgei, to show the colour of cells in bloom condition. They are reddish brown rather than the bloodred, which characterized Lake Tovel up to 1964, and patches of similarly coloured water have been reported at irregular intervals since 1964. In no case, however, has a blood-red colour been demonstrated and the more recent minor patches of coloured water were most likely caused by Borghiella, or in some cases perhaps by diatoms, which are very numerous in the lake.
Among previously described woloszynskioids, B. dodgei resembles the species described as Gymnodinium veris Lindemann 1925 (figs 71, 72) in having a conical epicone and a rounded posterior end of the hypocone. It also agrees in size and in being a cold-water form. Gymnodinium veris, however, was described as having a ''Kammartige Leiste'' (''carina-like'' list) along the right side of the sulcus (Lindemann 1925, p. 155), a feature not observed in our material. Our material also resembles W. pascheri (Suchlandt) Stosch (Suchlandt 1916, as Glenodinium pascheri Suchlandt) and Gyrodinium nivale Lindemann 1929. Both are cold-water species with a flattened hypocone and a ridge along the left side of the sulcus. Borghiella dodgei differs most significantly in the pointed rather than rounded epicone. Gymnodinium marylandicum R.H. Thompson differs in having four to six chloroplasts in each cell (Thompson 1947), B. dodgei has many chloroplasts. These species are all closely related, however.
The eyespot
Eyespot structure is an important phylogenetic marker in dinoflagellates, and Moestrup & Daugbjerg (2007) differentiated between five different morphological types, three of which occur in the woloszynskioids. This is a striking contrast to other groups of algae, in which the class or even phylum level is characterized by a single type of eyespot. Figs 33-35. Three consecutive sections through the furrow which extends from the sulcus immediately outside the collar of the longitudinal flagellum (lsc) to the ventral ridge area. This ventral ridge furrow opens in a gap between the amphiesma vesicles (ap), and the figures indicate that striated bands emanate not only from the furrow region to r 1 (ventral ridge fibre, vrf in Fig. 35 ) but also towards the transverse flagellum collar (tsc). tf, transverse flagellum. Striated structures on the surface of the furrow in Fig. 33 may be microtubules (arrows), cf. Fig. 39 .
Figs 36-38. The flagellar root r 1 appears to have a central function in the cell, being associated via fibrous material to the ventral ridge furrow (vrf, the ventral ridge fibre), flagellar root r 4 (src, the striated root connective) and to the transverse flagellum basal body (r 1 /tbc). Dorsally, r 1 is covered with opaque material, apparently formed as a series of separate strips (the strip in Fig. 37 seems to be associated with src). The aperture of the ventral ridge furrow (ap) is visible in all three figures. The ventral ridge (vr) is supported structurally by numerous microtubules that extend along the cell membrane of the ridge. The inset in Fig. 38 shows the 'spoke-and-hub' structure sensu Roberts et al. (1995) . In the latter genera, however, thin sections have shown that the 'apical furrow' is not a furrow but a row of narrow plate-containing amphiesma vesicles, termed ''the apical line of plates'' (ALP) by Lindberg et al. (2005) . In Borghiella, however, the apical end comprises a true furrow, formed by a single concave amphiesma vesicle, accompanied towards the cell's right hand side by another, adjacent, parallel vesicle. The latter is inserted almost at the level of the cell surface. It is indented from the cytoplasmic side by a row of small projections that superficially look like trichocyst pores. We have occasionally, at the SEM level, seen material extruding from these projections (trichocysts are absent) and this had led to the conclusion that the material formed in the system of vacuoles beneath the projections is extruded from these projections to the cell exterior. A single vesicle, rather than a pair of elongated amphiesma vesicles, with a central row of pores was illustrated at the TEM level in the heterotrophic species pseudopalustris (Fig. 57) . The available evidence thus indicates that this group, which forms the sister group to Borghiella/Baldinia in Fig. 57 , lacks the furrow vesicle of the Borghiella group and possesses only the pore vesicle. If this idea is confirmed by examination of serial sections for TEM, it represents yet another type of apical apparatus in dinoflagellates. An apical structure is completely lacking in P. glacialis and Baldinia anauniensis.
The ventral ridge
Originally the term 'thecal ridge' was coined by Dodge & Crawford (1968) for a ridge with an electron-opaque structure interconnecting the two flagellar pores in A. carterae Hulburt. Roberts et al. (1988) subsequently renamed the opaque fibre underlying the plasmalemma of the thecal ridge 'the ventral ridge'. We will use the term ventral ridge in the sense of the thecal ridge to include both the fibre and the overlying cell membrane. The ventral ridge area of Borghiella is flap-like and the ventral ridge is present as a more or less distinct, low ridge in the area between the flagellar pores. Its function is unknown. The ventral ridge area has a complex internal structure, indicating an area of high activity. The internal part is filled with cisternae but, as shown in Figs fig. 4 ) to involve the apical end of one gamete and the mid-central sulcal area of the other. We have on several occasions seen material extruded through the apical vesicle of Borghiella dodgei, and one may speculate that this material may play a role in the attachment of the male gamete to the ventral ridge area.
The epicone of W. reticulata breaks in the region of the apical 'carina', releasing the cell contents through the slit (Thompson 1951, figs 15, 18, 20) . This may correspond to a gamete being released from its amphiesma during fusion with the ventral ridge area of the other gamete.
Flagellar appendages
Flagellar appendages have generally been examined rather cursorily in dinoflagellates, the general belief being that the transverse flagellum bears a row of long thin hairs, inserted in groups on the flagellar surface. The finding of shorter, thicker and somewhat curly hairs in Borghiella was therefore not expected. They occurred together with hairs of the longer, very thin type, apparently throughout the length of the flagellum. The only other case known to us of similar thick flagellar hairs is on the anterior flagellum of the perkinsid Parvilucifera infectans (Norén et al. 1999) , but the hairs of Parvilucifera are only half as long as those in Borghiella. Also the hairs of Parvilucifera seem to lack a pointed base. The perkinsids are considered to be phylogenetically related to dinoflagellates but the relationship is not a close one (Norén et al. 1999) . The finding of morphologically rather similar hairs on the anterior flagellum of Parvilucifera and on the homologous transverse flagellum of Borghiella is therefore not readily explained. The hairs of the two groups should be examined and compared in more detail, using negatively stained material.
Internal structure of the flagellar apparatus
The internal part of the flagellar apparatus comprises most of the structures now known to be part of the flagellar apparatus in dinoflagellates, including collars around both flagellar canals, and the microtubular roots, r 1 , r 3 , and r 4 . The r 1 extends in a posterior direction along the sulcus, probably maintaining the shape of the sulcus. The r 4 has an unusually short cross-banded part (TSR). The r 2 flagellar root was not observed, but it may be part of the dense fibre, sometimes with a striated pattern, situated on the right proximal part of the longitudinal basal body. It corresponds to the position of an r 2 root in other species (see e.g. Figs 53-55. The two basal bodies (tb and lb), the flagellar canals (tc and lc), flagellar root r 1 , extending along the sulcus, parallel to the longitudinal flagellum, the two roots r 3 and r 4 associated with the transverse flagellum canal. TMRE is the group of microtubules extending at right angles from the single microtubule of r 3 . Src is the striated fibre interconnecting r 1 and r 4 . lsc, the collar of the longitudinal flagellum canal. A short connective is present between r 1 and tf (r 1 /tbc in Fig. 55) , compare with the diagrammatic representation in Fig. 56 . woloszynskioid including B. dodgei is Baldinia anauniensis and species of Group III dinoflagellates. However, the FA of B. anauniensis has some striking differences compared to that of Borghiella dodgei, including a ventral fibre associated with the LB and a peculiar lamellar body surrounding the basal bodies. An unusual structure in B. dodgei is the 'spoke-and-hub' structure which has previously been described only in the tovelliacean J. applanata (Roberts et al. 1995, as W. limnetica) , but is also present in W. pascheri sensu Wilcox (Wilcox 1989, fig. 11 ). On the other hand this structure appears to be absent in Tovellia coronata and T. sanguinea (Lindberg et al. 2005; Moestrup et al. 2006, respectively) . fig. 8 ). These templates are also associated with triplets which are two triplets apart on one side and five on the other. Distinct root templates are not visible in the illustration of the other centriole. In Prorocentrum, Heimann et al. (1995) indicated the represence of r 4 templates (tsr and tsrm in the figures) but details are difficult to see. In conclusion, new root templates appear to be formed together with (at least one of) the new centrioles in the dinoflagellates studied so far, and the one-or two-stranded stranded nature of the roots support the contention that the newly formed centrioles grow into basal bodies of new transverse rather than longitudinal flagella. The longitudinal flagellum is therefore the mature flagellum, i.e. flagellum 1, while the transverse flagellum is flagellum 2, in accordance with Heimann et al. (1995) . Fig. 57 shows a phylogenetic tree based on sequencing of the LSU rDNA gene. As shown previously, the woloszynskioids fall into three groups (Lindberg et al. 2005) , one of which -Group I -is only remotely related to Groups II and III. The latter two occupy sister group positions in the phylogenetic tree. Group I was recently given family status as Tovelliaceae and it is characterized in particular by an eyespot of type C sensu Moestrup & Daugbjerg (2007) fig. 4C ). Cells of Symbiodinium are covered by relatively few amphiesmal vesicles, which Loeblich & Sherley (1979) labelled according to the Kofoidean system. Group II therefore comprises both woloszynskioids with more than a hundred amphiesmal plates such as W. pseudopalustris (own unpublished observations), Polarella with 30-35 (Montresor et al. 1999) , and Symbiodinium with an almost peridinioid plate system of approximately 20 plates in the theca (Loeblich & Sherley 1979) . Another shared feature of the group appears to be the presence of two rows of plates or vesicles in the cingulum.
Phylogeny of the woloszynskioids
Group III comprises B. dodgei and the cold-water species W. tenuissima which is transferred to Borghiella below. The latter is unusual in having leaf-like cells, and the cingulum is incomplete ventrally. Group III is characterized by an eyespot of type B, i.e. an intraplastidial eyespot overlain by a single row of brick-filled vesicles, a common type in dinoflagellates. Most species presently referred to Woloszynskia belong to Group III, and this group will be treated in more detail separately (Lindberg et al., personal communication) . Only the very unusual species W. r woloszynskioid groups are indicated. In addition to 'typical' woloszynskioids, Group I comprises also Esoptrodinium, and Group II Symbiodinium and Polarella.
tenuissima will be dealt with below. The two known genera of Group III, Borghiella and Baldinia, differ morphologically in several respects, the most unexpected being the lack of an apical furrow apparatus in Baldinia. This lack has a parallel in Group II, where Polarella appears to lack an apical furrow apparatus (Montresor et al. 1999; own unpublished obervations) . At the ultrastructural level, Baldinia differs in cells possessing a very conspicuous, large lamellar body associated with the flagellar apparatus and similar to what has been found in some of the dinoflagellates possessing diatom-derived chloroplasts. Under the light microscope B. dodgei and Baldinia are very similar indeed but they may be distinguished by Baldinia having a central, compound chloroplast, from which branches extend to the cell periphery (Hansen et al. 2007) . Borghiella dodgei lacks pyrenoids, and the chloroplasts form a peripheral network.
Transfer of Woloszynskia tenuissima to Borghiella
Woloszynskia tenuissima (Lauterborn) R.H. Thompson is one of the most characteristic woloszynskioid freshwater dinoflagellates because of its strongly flattened, almost discor leaf-shaped cells. It has been recorded from many localities in central Europe, Denmark, England, and now Greenland and, in contrast to many other dinoflagellates, its ecology is well known following the studies by Crawford et al. (1970) . It was first described by Lauterborn from the upper Rhine River as Gymnodinium tenuissimum Lauterborn, initially in a list (Lauterborn 1894) and subsequently with a fuller description (Lauterborn 1899). Wołoszyń ska (1917) provided detailed drawings, based on stained cells, and illustrated the many small, usually hexagonal plates on the cell (subsequently photographed using Anoptral contrast microscopy by Crawford et al. 1970 ). Wołoszyń ska's drawings of the periplast are generally confirmed by SEM, including the two distinct rows of plates in the cingulum (Figs 64, 65) . However, Wołoszyń ska gave no information about the cell contents. Woloszynskia tenuissima is a stenotherm cold-water species, which according to HuberPestalozzi (1950) occurs during the winter months at 0-10uC. The material used in the present work is apparently the first finding of the species outside Europe. An apical furrow system or similar structure has not been reported in W. tenuissima before. It is very inconspicuous, being located close to the anterior margin of the cell, and it extends for only a short distance onto the ventral and the dorsal sides of the cell. This explains why Wołoszyń ska overlooked the structure. We have not examined the structure by TEM but considering the resemblance between this species and B. dodgei (see below), it seems likely that the structure visible in Figs 60 and 62 is a set of paired elongate amphiesma vesicles (PEV).
Woloszynskia tenuissima was investigated by Crawford et al. (1970) , using wild material from Abbott's Pool, Somerset, England. They found the eyespot (overlooked by previous authors) to be intraplastidial and overlain by a row of crystals outside the chloroplast, in other words as in B. dodgei (type B).
Apart form the very flattened cells, the most characteristic feature of W. tenuissima is the incomplete cingulum, seen and drawn also by Lauterborn (1899, not commented on in the text) and Wołoszyń ska (1917) , but drawn incorrectly by many more recent authors (Schiller 1926; Nygaard 1949, fig. 94; Bourrelly 1970, pl. 6, figs 1, 3) . The cingulum terminates on the ventral side almost halfway between the the right edge of the cell and the proximal part of the cingulum. The path of the sulcus has also given rise to misinterpretations: Schiller (1926) drew the sulcus as continuing on the epicone almost to the cell apex, and Crawford et al. (1970) claimed that it curves round the antapex. However, the sulcus does not extend onto the epicone nor does it curve around the antapex. The incomplete cingulum is a very unusual feature, which sets W. tenuissima apart from all other woloszynskioids. It shares features such as the structure of the eyespot, the type of cyst and almost certainly the type of apical structure (PAV) with Borghiella, and in the phylogenetic tree it occupies a sister group relationship to B. dodgei. We therefore transfer W. tenuissima to Borghiella: Wołoszyń ska (1917, Tafel 13M) who found it to be oval, pointed at one end and flattened at the other. Spines and other ornamentation was absent. This somewhat unusual cyst type has not been found by subsequent researchers. Von Stosch (1973) mentions that the cyst ''though figured as ovoid by Wołoszyń ska, is globular in our cultures, where we obtain it by the thousands'' (von Stosch 1973, p. 131) and we have confirmed his observations (K. Lindberg, personal communication).
Despite a distinct phenotypic difference between the freshwater species B. dodgei and B. tenuissima their nuclearencoded LSU rDNA sequences revealed only a slight genotypic diversity (see Table 1 ). A priori, one would expect a somewhat larger sequence divergence for these morphologically very different and geographically isolated strains. At present B. dodgei is only recorded from the Italian Alps whereas B. tenuissima is a widely distributed cold-water species. This observation to some extent resembles the recently published results of Logares et al. (2007) in which the genetically isolated brackish and freshwater dinoflagellates Scrippsiella hangoei and Peridinium aciculiferum showed identical internal transcribed spacer regions (ITS1, ITS2), SSU, and partial LSU rDNA sequences, in spite of marked morphological differences. Genetic separation of the two species was indicated from an almost 2%
Figs 58-63. Borghiella tenuissima comb. nov. SEM. All from CAT 2391. Fig. 58 . Cell in ventral view, showing sulcus and cingulum. The cingulum is 'incomplete', as it is terminates on the ventral side of the cell some distance before reaching the sulcus. The cell is covered with many, often hexagonal, amphiesmal vesicles.
Figs 59-60. Cell in dorsal view, to show the amphiesmal vesicles and the very short apical structure (arrows), in Fig. 60 at higher magnification.
Figs 61, 62. Another cell, tilted to show the amphiesmal vesicles and the apical structure, which appears to consist of an elongate amphiesmal vesicle (arrow) with a line of knobs along one of the long sides. Fig. 63 . Details of the cingulum. The asterisks indicate the two rows of amphiesmal vesicles forming the roof and the bottom/floor of the cingulum, respectively. Compare with Borghiella dodgei (Figs 4, 5, 7, 8) . The arrowhead marks the posterior rim of the cingulum, which is less well-defined than the apical rim.
sequence divergence of the cytochrome b gene, in addition to differences in the AFLP pattern. Logares and coworkers concluded that this could be a result of rapid divergence where time has been too short for any neutral fixations in the populations. Our data set on the two Borghiella species does not compare directly with that on S. hangoei and P. aciculiferum but it seems that enough time has passed since they split to allow for some neutral fixations, thus revealing a minor LSU rDNA sequence divergence. To our knowledge this is only the second example of marked morphological differences between two morphospecies with an almost identical LSU rDNA gene sequence, including the highly variable domain D2.
Families or orders?
If we accept that the Jurassic fossil Umbriadinium BucefaloPalliani & Riding is closely related to Polarella, as suggested by Bucefalo & Riding (2003) , the family name Suessiaceae is available for members of Group II. Inclusion of the entire Group II will require emendation, as the Suessiaceae was described to comprise species with amphiesmal vesicles in only seven to nine latitudinal series. There is no available name for members of Group III. We are, however, aware that additional groups of dinoflagellates are phylogenetically related to group III (Moestrup et al., personal observation) and we therefore refrain, for the time being, from creating a family name for members of Group III. We have recently discussed the difficulty of establishing a useful circumscription of orders within the dinoflagellates (Moestrup & Daugbjerg 2007) . We leave it open, pending additional information, whether members of Group II, Group III, and Symbiodiniaceae should all be placed in the order Suessiales.
Appendix
Professor Paul Silva, University of Berkeley, has kindly informed us that some errors were inadvertently introduced into the first contribution of this series. We remedy this situation below: Christen [1958, p. 47, figs (a-i) ], described as Gymnodinium nygaardii Christen ('Nygaardi') but name invalid for lack of type designation. HOLOTYPE: Fig. (b) in Christen (1958) , illustrating material from Lake Hausersee, Andelfingen, is here designated as the type of Tovellia nygaardii.
The reasons for including this species in the genus Tovellia are given in Lindberg et al. (2005) , where the name was originally, but invalidly, proposed as a new combination of Christen's (1958) Wołoszyń ska (1917) . Fig. 64 . Cell in ventral view, showing the many amphiesma vesicles and the incomplete cingulum (cf. Fig. 58) . Fig. 65 . Cell in dorsal view.
